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METHODS AND ARRANGEMENTS FOR
ROBOT DEVICE CONTROL IN A CLOUD

TECHNICAL FIELD

This disclosure relates to controlling of robot devices. In
more particular, it relates to methods and Web servers for
controlling robot devices 1n a cloud.

BACKGROUND

Moving robotics and automation algorithms into the
cloud requires frameworks that facilitate this transition. The
cloud provides three possible levels at which a framework
could be implemented. The lowest level 1s Infrastructure as
a Service (laaS), where bare operating systems are provided
on machines, which can be virtualized, in the cloud. The
second level, Platform as a Service (PaaS), provides more
structure, including application frameworks and database
access, while restricting the choice of programming lan-
guages, system architectures, and database models, which
can be used. Software as a Service (SaaS), the third level 1s
the highest level of structure of which there 1s a demand
these days.

The current focus of cloud based robotics 1s to either
speed up the processing of mput data collected from many
sensors with big data computation, or to collect various
knowledge bases in centralized locations e.g., possible
grasping poses ol various three-dimensional (3D) objects.

There are commercially available cloud-based software
platforms that leverage leading cloud, Web, and mobile
technologies. Such platforms can allow customers to access
and analyse their robots’ data on without restriction to
location and/or time.

Another aspect of cloud robotics relates to the way how
a robot related functionality 1s moved 1nto cloud. One way
1s to run an original robot specific task in the cloud without
any significant change. Examples of such alternatives are to
run an original robot specific task 1n a virtual machine (VM),
in a container or in a virtualized programmable logic con-
troller (PLC).

Another way 1s to update/modity/rewrite the code of robot
related tasks to utilize existing services or application pro-
gramming 1ntertaces (APIs) of the cloud.

A third way 1s to extend the cloud platform itself with new
features that make robot control more eflicient. Such new
robot-aware cloud features can be explicitly used by robot
related tasks, 1.e. new robot-aware services/APIs offered by
the cloud, or can be transparent solutions, for example
improving the service provided by the cloud to meet require-
ments ol the robot control.

Today cloud robotics exists mostly following the PaaS
approach. However, with the help of 57 generation wireless
systems (5@), the PaaS approach may be extended to use the
SaaS paradigm oflering many potential advantages for
robots and automation systems.

From U.S. Pat. No. 9,031,692 B2 1t 1s known a cloud
robot system and a method for integrating the same. In this
document the cloud can be used to scale up complex
calculation tasks, of which one refers to a robot relates task.

Patent document U.S. Pat. No. 8,798,791 B2 teaches a
robot control system and a robot control method. This
document relates to moving a robot control in the cloud to
a point that 1s closest to the robot that the user wishes to
control.

With SaaS, an interface allows data to be sent to a server
that processes the data as iput and returns output, which
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relieves users of the burden of maintaiming data, software
and hardware, and also allows companies to control propri-

ctary software. This approach 1s called this Robotics and
Automation as a Service (RAaaS).

There 1s however a demand for a more versatile robot
service and control.

SUMMARY

It 1s an object of embodiments of the disclosure to address
at least some of the 1ssues outlined above, and this object and
others are achieved by a first and a second Web server
adapted to control a robot device, methods performed
therein, and computer programs therefore.

According to one aspect, the disclosure provides a method
for a first and a second Web server controlling a robot device
across a Web 1nterface i a cloud. The method comprises
sending, by the first Web server, towards the second Web
server located in a remote cloud location, a hypertext
transier protocol request for one or more trajectories
between a first position and a second position for the robot
device. The hypertext transier protocol request comprises
encoded 1n unified resource location a workspace of the
robot device and a configuration of the robot device. The
method also comprises obtaining one or more calculated
trajectories for the robot device between the first position
and a positon that 1s closer to the second position than the
first position, based on the workspace and the configuration
of the robot device. Also, the method comprises sending, to
the first Web server located in a local cloud location, a
hypertext transfer protocol response to the hypertext transier
protocol request, wherein the hypertext transfer protocol
response comprises said one or more calculated trajectories.
In addition, the method comprises executing, by the first
Web server, a trajectory being at least based on said one or
more calculated trajectories for the robot device.

According to another aspect, the disclosure provides a
method for a first Web server controlling a robot device
across a Web interface 1n a cloud. This method comprises
sending across the Web interface, towards a second Web
server located 1n a remote cloud location, a hyper-text
transfer protocol request for one or more trajectories
between a first position and a second position for the robot
device. The hyper-text transier protocol request comprises
encoded 1n unified resource location a workspace of the
robot device and a configuration of the robot device. The
method also comprises receiving a hyper-text transier pro-
tocol response to the hyper-text transier protocol request,
wherein the hyper-text transier protocol response comprises
said one or more calculated trajectories. In addition, the
method comprises executing a trajectory that i1s at least
based on said one or more calculated trajectories for the
robot device.

According to yet another aspect, the disclosure provides
a method for a second Web server controlling a robot device
across a Web 1nterface 1n a cloud. This method comprise
receiving, from a first Web server, a hyper-text transier
protocol request for one or more trajectories between a first
position and a second position for the robot device, wherein
the hyper-text transfer protocol request comprises encoded
in unified resource location, a workspace of the robot device
and a configuration of the robot device. The method also
comprises obtaining one or more calculated trajectories for
the robot device between the first position and a positon that
1s closer to the second position than the first position, based
on the workspace and the configuration of the robot device.
In addition, the method comprises sending across the Web
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interface to said first Web server located at a local cloud
location, a hyper-text transifer protocol response being a
response to the hyper-text transier protocol request, wherein
the hyper-text transier protocol response comprises said one
or more calculated trajectories.

According to yet another aspect, the disclosure provides
a computer program for robot device control comprising
instructions which, when executed on at least one processor,
cause the at least one processors to carry out the method
according to aspects as described above.

According to yet another aspect, the disclosure provides
a computer-readable storage medium, having thereon said
computer program.

According to still yet another aspect, the disclosure pro-
vides a first Web server that 1s adapted to control a robot
device over a Web 1nterface 1n a cloud. The first Web server
comprises a processor circuit and a memory having istruc-
tions executable by the processor circuit, wherein said
processor circuit when executing the instructions 1s config-
ured to send, across the Web intertace, towards a second
Web server located 1n a remote cloud location, a hyper-text
transier protocol request for one or more trajectories
between a first position and a second position for the robot
device. The hyper-text transier protocol request comprises
encoded 1n unmified resource location a workspace of the
robot device and a configuration of the robot device. When
executing the instructions the processor circuit 1s configured
to receive a hyper-text transfer protocol response to the
hyper-text transier protocol request, wherein the hyper-text
transier protocol response comprises said one or more
calculated trajectories.

In addition, when executing the instructions the processor
circuit 1s configured to execute a trajectory that 1s at least
based on said one or more calculated trajectories for the
robot device.

According to still yet another aspect, the disclosure pro-
vides a second Web server that 1s adapted to control a robot
device over a Web interface 1 a cloud. The second Web
server comprises a processor circuit and a memory having
instructions executable by the processor circuit, wherein
sald processor circuit when executing the instructions 1s
configured to receive, from a first Web server, a hyper-text
transfer protocol request for one or more trajectories
between a first position and a second position for the robot
device, wherein the hyper-text transfer protocol request
comprises encoded 1n unified resource location, a workspace
of the robot device and a configuration of the robot device.

When executing the instructions the processor circuit 1s
configured to obtain one or more calculated trajectories for
the robot device between the first position and a positon that
1s closer to the second position than the first position, based
on the workspace and the configuration of the robot device.
In addition, when executing the instructions the processor
circuit 1s configured to send across the Web interface
towards said first Web server located in a local cloud
location, a hyper-text transifer protocol response being a
response to the hyper-text transier protocol request, wherein
the hyper-text transier protocol response comprises said one
or more calculated trajectories.

Embodiments of the present disclosure comprise the
tollowing advantages:

An advantage of embodiments of the present disclosure 1s
that the Web service architecture, being currently available,
can be used without any modification or alternation for the
control of multiple robot devices. The usage of storages,
such as caches, 1s beneficial for the scaling of the control of
robots or robot devices.
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Another advantage of the disclosure 1s that embodiments
are scalable as parallel calculation of trajectories can be
performed.

Storable trajectories reduce calculation need and calcula-

tion latency.

As calculation and execution of trajectories are operable
in different cloud systems and work in different time scales,
embodiments of the disclosure allow complex scalable con-
trol mechanism from large distances.

L1l

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will now be described in more detail, and
with reference to the accompanying drawings, in which:

FIG. 1 illustrates a basic handshake diagram, according to
embodiments of the present disclosure;

FIGS. 2A and 2B present handshake diagrams of an
application example of embodiments of the present disclo-
Sure;

FIGS. 3, 4 and 5 present flow diagrams of actions of
methods according to embodiments of this disclosure;

FIGS. 6 and 7 schematically present a first Web server
according to embodiments of the present disclosure; and

FIGS. 8 and 9 schematically present a second Web server
according to embodiments of the present disclosure.

DETAILED DESCRIPTION

In the following description, different embodiments of the
disclosure will be described in more detail, with reference to
accompanying drawings. For the purpose of explanation and
not limitation, specific details are set forth, such as particular
examples and techmiques in order to provide a thorough
understanding.

Although robotic service has been exposed as a Web
service by others, the focus has been on monitoring tasks.
Little of the benefits of existing Web services are thus
exploited.

It has been found that existing trajectory or path genera-
tion methods 1n cloud robot control do not use Web services.
Also these existing methods do not utilize Web-storing
mechanisms, such as caching.

There 1s thus a demand for a more versatile robot service
and control.

The proposed embodiments of the present disclosure
solution are based on and utilize a currently existing Web
service inirastructure to provide scalable robot control from
the cloud. Herein, trajectory execution and calculation meth-
ods are proposed, which methods are cloud-aware.

The herein proposed trajectory planning or calculation
methods may use quantized start and goal positions. These
positions allow eflicient storage, such as caching, of trajec-
tories to support concatenation of stored trajectories during
searching for fitting trajectories, using a certain {irst toler-
ance.

The methods as herein proposed according to various
embodiments, allow immediate start of robot device move-
ment, even 1n the case of partially fitting trajectories.

Further, optimization methods, when used, ensure pre-
defined precision and response time.

The operation of the proposed methods allows eflicient
use of various storing mechanisms, for example caching
mechanisms of content delivery network (CDN).

In order to control a robot device, information about how
to control the robot device 1s desirable. Controlling the robot
device refers to controlling the motion of the robot device.

This does not only include which local positions to visit, but

e
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also when to reach these local positions and also a speed
with which the robot device 1s moving between any two
positions. This speed may be dynamic and may hence vary
along each trajectory.

A number of robot devices may be operated simultane-
ously within a small area, for instance on one or more
objects. These objects may further also be moving. This
implies that the motion of each robot device may have to be
defined considering the motion of other robot devices and
objects.

Control of a robot device may thus be accomplished by
controlling the motion of the robot device. This can the
performed by defining a trajectory along which the robot
device will have to travel, in order not to risk colliding with
other robot devices or moving objects, or even static instal-
lations.

FI1G. 1 illustrates a basic handshake diagram, according to
embodiments of the present disclosure. The handshake dia-
gram comprises communication between a local cloud loca-
tion 104 and a separate cloud location 112. This separate
cloud location may be located 1n a different cloud, relative
to the local cloud location. Alternatively, the separate cloud
location may be located within the same cloud as the local
cloud location, but at a position that 1s different from the
local cloud location. Moreover the separate cloud location
may also comprise a remote cloud location that 1s remote 1n
relation to the local cloud location.

Within the local cloud location 104, a first Web server 102
resides.

Within the separate cloud location 112, a content delivery
network (CDN) 106 resides. Moreover, the separate cloud
location 112 comprises a second Web server 108 and a
storage 110.

It 1s noted that the Web interface W 1s defined as an
interface between the local cloud location 104 and the

separate cloud location 112.

The following actions are also performed:

Action S120: A hyper-text transier protocol (HTTP)
request for one or more trajectories 1s sent by the first Web
server 102 towards the second Web server 108. The
requested trajectories are trajectories between a first position
and a second position, for a robot device, enabling robot
device control. The HTTP request comprises encoded 1n
uniform resource locator (URL) a workspace of the robot
device and a configuration of the robot device. This infor-
mation being encoded typically defines the space of motion
of the robot device, and the design and parameters of the
robot device.

Action S122: This action comprises obtaiming one or
more calculated trajectories for the robot device between the
first position and a positon that 1s closer to the second
position than the first position, based on the workspace and
the configuration of the robot device.

These one or more calculated trajectories may be received
by the second Web server, as a response to a call for
calculation of said one or more trajectories between the first
position and the second position, based on the workspace
and the configuration of the robot device.

Alternatively, said one or more calculated trajectories
may be retrieved from the storage 110, located at the remote
cloud location of the separate cloud location 112.

Alternatively, said one or more calculated trajectories
may be retrieved from a HT'TP cache located in the CDN
106, of the separate cloud location 112.

Action S124: In response to the HT'TP request for said one
or more trajectories between the first and the second posi-
tion, for the robot device, a HT'TP response comprising said
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6

one or more calculated trajectories between the first position
and a positon that 1s closer to the second position than the
first position.

Action S126: The Web server 102 within the local cloud
location executes a trajectory that 1s at least based on said
one or more calculated trajectories.

In relation to the handshake diagrams of FIGS. 2A and

2B, examples of application of embodiments of the present
disclosure will now be described.

The handshake diagram of FIG. 2A comprises a robot
device 202, a first Web server 204, a first trajectory storage
206, a CDN 210, a second trajectory storage 212, and a
second Web server 214.

The first Web server 204 and the first trajectory storage
206 are located at a local cloud location 208, whereas the
second trajectory storage 212 and the second Web server 214
are located at a remote cloud location 216.

It 1s noted that the second trajectory storage 212 corre-
sponds to the storage 110 as illustrated 1n FIG. 1.

The first Web server 204 and the second Web server 214
are located 1n different cloud locations, or even 1n diflerent
clouds, which locations and/or clouds can be separated 1n
space, allowing trajectory planning/calculation and trajec-
tory execution separated by a significant distance.

The Web interface 1s the mterface between the local cloud
location 208, on the one side, and the CDN 210 and the
remote cloud location, on the other side.

The function of the handshake diagram may be regarded
as a Web service that can be offered to users wishing to
control robot devices 1n a cloud environment. The Web
service can be performed stateless in a representation state
transfer-full (REST1ul) way. A request for one or more
trajectories may thus be served by a trajectory planning Web
service. In the case of a high load, the Web service can be
scaled up easily thanks to a stateless property of retrieving
or calculating a trajectory.

By using storage functionalities in the separate cloud
location, already requested and obtained trajectories do not
have to recalculated as these are already stored in either the
second trajectory storage 212 or in a cache 1n the CDN 210,
and may hence be 1dentified 1n a short time, with which a
request can be served without further loading the second
Web server 214.

It 1s herein proposed a way to execute a robot device
movement command by the first Web server 204 supported
by the second Web server 214. This first Web server 204 may
be regarded to comprise a cloud-aware trajectory execution
function, and the second Web server may be regarded to
comprise a trajectory planning function, within the Web
service.

Controlling the motion of a robot device comprises con-
trolling between which positions a robot device 1s to be
moved, which path to be moved along and with which local
speed.

When having information between which positions a
robot device 1s to be translated and/or rotated, a function
within the local cloud location, herein residing 1n a the first
Web server 204, performs a check 1n a first trajectory storage
206 for trajectories or trajectory segments with which the
requested trajectories can be covered. First and second
positions are typically start and goal/end positions, between
which a robot device 1s to be moved.

The check for a fitting trajectory typically accepts a
non-exact, however close enough, match between requested
first and second positions of the requested trajectory and the
respective positions of a retrieved trajectory stored in the
first trajectory storage 206. Any potential discrepancy
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between positions from requested trajectories and retrieved
trajectories, 1s i1dentified. The distance of the potential dis-
crepancies may be calculated 1n Cartesian coordinates or 1n
jo1nt space. In the event this discrepancy 1s small enough, the
corresponding gap may be covered by extrapolation of
existing trajectories.

If no matching trajectories can be found in the first
trajectory storage 206, the first Web server sends a request
for at least one trajectory towards the second Web server
214. This request may be responded to by one or more
calculated trajectories matching the request.

Based on this calculated trajectory, the robot device may
subsequently be controlled by execution of a trajectory by
the first Web server 204, which trajectory being executed
being at least based on or dependent on the calculated
trajectory.

Down below a more detailed description of the applica-
tion example of embodiments herein 1s provided.

Action S220: A request can be sent to the robot device 202
for acquiring current robot poses, the current work space of
the robot device as well as the robot device configuration.

Action S222: The acquired current robot poses may be
provided from the robot device 202 to first Web server 204.

Action S224: The acquired information about robot
device poses etc., may here be provided to the first Trajec-
tory storage 206.

Action S226: This action comprises checking whether
fitting trajectories are available. The first Web server 204
performs a check for fitting trajectories located in the first
trajectory storage 206. For this purpose a tolerance during
fitting may be used, such that a first or starting position of
a fitting trajectory 1s allowed to be at most spaced a tolerance
distance from the first position of a requested trajectory. In
the event that two or more trajectories are fitting the request,
the shortest of the two or more fitting trajectories 1s prefer-
ably chosen, for execution.

Within this action extrapolation can also be performed.
For example, assume that the requested or desired trajectory
defines a path between a first position A, and a second
position B, 1.e. A—B, wherein A and B thus denote respec-
tive start/goal pose, 1 a space, such as Cartesian space. A
tolerance of 5 mm may further be used. Assume further that
a search within the first trajectory storage 206 for fitting
trajectories between the A position and the B position
reveals the following: A first trajectory between position A
and position C, 1.e. A—C, a second trajectory between C and
D, 1.e. C—D, a third trajectory between position D* and E,
1.e. D*—E, and a fourth trajectory between positions E and
B*, 1.e. E—=B¥. It 1s noticed that there 1s a first gap between
D and D*, and a second gap between B and B*. 11, however,
the distance between D and D* and between B and B* are
both less than 5 mm, then the A-C—=D—=D*—=F—=B*—=B
path can be used and together form a fitting trajectory. It 1s
note that the gaps, or missing trajectory segments, 1.c.
D—D* and B*—=B?¥*, are here successtully extrapolated.

Action S228: This action 1s triggered 1f fitting trajectories
cannot be identified 1n the first trajectory storage 206. The
event that identifying that fitting trajectories are not avail-
able 1s triggered, i either no trajectory at all, 1s found, or
only partially fitting trajectories are 1dentified or found 1n the
search 1n the first trajectory storage 206.

It should be clarnfied that a partially fitting trajectory may
be a trajectory having a start and a goal position of which
one fits with the start and the goal of the requested trajectory.
Also the distance between the goal of the partially fitting,
trajectory and the goal of the requested trajectory, 1s shorter
than the distance between the distance between the start and
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the goal of the requested trajectory. Thus the remaining
distance to be bridged 1s reduced.

Within one embodiment 1t 1s proposed to apply a partially
fitting trajectory, rather than sending a request for the entire
distance A to B, if the remaiming trajectory planning is
estimated to take a shorter time than execution of the
partially fitting trajectory to reach the gap.

For instance: Assume that the desired or requested tra-
jectory 1s A—B and the distance between A and B 1s 1000
mm. Also, assume that the first trajectory storage 206
comprises the partially ﬁtting A—QG trajectory where the
distance between G and B 1s only 150 mm. Assume that the
trajectory planmng to obtain a trajectory between G and B,
takes 1500 ms 1n worst case. If the robot needs more than
1500 ms for moving through A—G trajectory, then this
A—(G trajectory can be used as partially fitting trajectory. In
short, 11 planning for a trajectory covering a gap defined by
the partially fitting trajectory, takes a shorter time than
executing the partially fitting trajectory, 1t 1s proposed within
this embodiment to use the partially fitting trajectory.

Action S230: In this case, 1.e. 1f action S228 1s fulfilled,
as idicated above, a request for one or more trajectories 1s
sent. This request 1s a request for the desired trajectory. The
request also comprises the workspace for the robot device as
well as robot configuration information concerning a cache
storage 1n the content delivery network (CDN) 210.

The first and second positions, being start and goal
positions ol the desired and requested trajectory may be
encoded and placed in a custom HTTP header field of the
HTTP request. In addition, quantized start and goal posi-
tions, or poses, may also be encoded and placed 1n an URL
field of the HTTP request header. Quantizing may be per-
formed 1n Cartesian space or 1n joint space. Also, workspace
and robot configuration information for the robot device
may be encoded 1n an URL field of the HT'TP request.

An example of a HI'TP header with encoded information
1S:

GET/rest/ Webserver214?qgStartPosition=0.1,0.3,0.4,0,0,
3.14&gEndPosition=0.5,0.5,0.5,0,0,0
HTTP/1.1&workspaceHash= asadfewfcd&robotZURS -de-
fault

Host: cloud.robotics.company.com

BaseTrajectory:
startPosition=0.123,0.344312,0.41,0,0,3.14564&endPosi-
t1on=0.52,0.532,0.52,0.001,0,0

Action S232: Within the cache in CDN 210, 1t 1s checked
whether one or more fitting trajectories are available, or not,
in the HTTP cache. It 1s noted that trajectories stored in the
HTTP cache are trajectories which were previously calcu-
lated and stored in the HTTP cache.

Action S234: If there are fitting trajectories available 1n
the HTTP cache in the CDN 210, these, or at least the
shortest of said, trajectories may be sent to the first Web
serve 204, 1n a HT'TP response to the HT'TP request.

Action: S236: If no fitting trajectory can be identified 1n
the HI'TP cache located in CDN 210, the HTTP request, as
sent 1n S230, 1s forwarded. The HTTP request may here be
forwarded to either the second trajectory storage 212 or to
the second Web server 214. If 1t 1s forward to the second Web
server 214, 1t can also be shared with the second trajectory
storage 212.

Action S238: It 1s now checked whether the second
trajectory storage 212 has trajectories which {it the request
for trajectories between a given start position and a given
end or goal position, within the workspace and the configu-
ration of the robot device. The check as performed 1n this
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second trajectory storage 212 1s a check for exactly fitting
trajectories, 1n the sense within the tolerances of the trajec-
tories, as mentioned belfore. Partially fitting trajectories are
herein not accepted.

Action S240: If fitting trajectories are identified in the
second trajectory, these are encoded mm URL and sent

encoded within a HT'TP response towards the first Web
server 204.

It 1s noted that the HT'TP response may be sent via the
HTTP cache 1in the CDN 210, in order to enable the HT'TP
cache to store the fitting trajectories, and to forward said
HTTP response to the first Web server 204.

Action S242: If, however, no fitting trajectories are 1den-
tified 1n the second trajectory storage 212, the request for
trajectories 1s forwarded to the second Web server 214.

Action S244: As no {itting trajectories were 1dentified 1n
either the HTTP cache of CDN 210 or in the second

trajectory storage 212, the second Web server 214 has a task
to 1dentify fitting trajectories. This task may be solved by
calling a calculation function, which may be external to the
second Web server 214. This call 1s for calculating one or
more trajectories according to the request for trajectories.
The trajectories as here being called shall of course match
criteria concerning start and goal positions of the requested
trajectories, 1.e. first and second positions. Also, the trajec-
tories defining a path shall be located within the workspace
of the robot device and the given configuration of the robot
device.

The call for calculation may preferably comprise a call for
trajectories, of which one 1s a trajectory having quantized
start and goal positions, and one having the original, 1.e.
non-quantized, start and goal positions. Trajectories with
quantized start and goal positions can be useful and may {it
within tolerances with several requested trajectories. One
reason for this may be that local positioming of robot device
near start and/or goal ends of trajectories typically vary,
whereas several trajectories may show the same or at least
similar behaviour, or path, along significant segments of the
trajectories, distanced from said start and goal positions.

Action S246: As a response to the call for calculated
trajectories, the second Web server 214 receives calculated
one or more trajectories from the call function. These
received trajectories are encoded and placed into a response
body to be sent towards the local cloud location 208. The
second Web server 214 also sends said one or more calcu-
lated trajectories to the second trajectory storage 212.

Action S248: The second trajectory storage 212 stores the
calculated trajectories, as received from the second Web
server 214.

Also, the second trajectory storage 212 may also identily
additional trajectories, similar to the ones as received from
the second Web server 214. The additional trajectories may
have first and second positions, 1.e. the start and goal
positions, of the trajectories, within a certain second toler-
ance from the positions of the calculated trajectories. The
additional trajectories shall preferably fulfil the fitting cri-
teria of the requested trajectories, 1.¢. that the start and goal
of the additional trajectories are within the first tolerance
from the first and second positions of the requested trajec-
tories. This 1s preferable, since a larger number of {fitting
trajectories can be provided, from which a trajectory to be
executed by the first Web server 204, may be chosen later on.

Action S250: The calculated trajectories that fit the
requested trajectory, possibly also including said additional
trajectories, are sent from the second trajectory storage 212

to the CDN 210, comprising the HI'TP cache.
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The present disclosure also comprises a trajectory opti-
mization function. This optimization function may comprise
means to query the HI'TP cache 1n the CDN 210 about its
hit rate, 1.e. the rate with which fitting trajectories are
identified 1n the HTTP cache, 1in action S232.

Also, the second trajectory storage 212 1s queried about 1ts
hit rate. Trajectories which are 1dentified as providing a hat,
and hence 1n this respect are popular, may be optimized by,
for instance, making these trajectories shorter, smoother
and/or even faster, in the sense taking less time.

It 1s noted that trajectories are associated with a certain
age. Typically optimized trajectories are given a higher
maximum age value, than non-optimized trajectories. One
example of a maximum age value 1s 5 minutes.

Trajectories having an age that has passed the maximum
age value will typically be removed from 1ts stored location.

Optimized trajectories may be stored 1n the second tra-
jectory storage 212.

Action S252: The HTTP cache m the CDN 210 caches
trajectories that are received from the second trajectory
storage 212, possibly optimized by the optimization func-
tion.

Action S254: The HTTP cache in the CDN 210 forwards
the calculated trajectories to the first Web server 204.

Action S256: After the first Web server 204 has received
calculated trajectories, the first Web server may 1dentily the
trajectories which best fit the criteria of the requested
trajectories, 1.e. which calculated trajectories whose first and
second positions best {1t the start and second positions of the
requested trajectories.

Action S258: In the event that the best fitting trajectories
dot not fully comprise the entire trajectories of the requested
trajectories, 1.e. that the calculated trajectories have one or
more gaps, extrapolation 1s applied to cover, or bridge, said
one or more gaps. As indicated earlier, gaps, equal to, or
shorter than, the first tolerance value, may be bridged by
extrapolation herein.

It 1s noted that extrapolation may be performed 1n Car-
tesian space or in joint space, or alternatively in any other
suitable sub-space for that matter.

These sub-spaces may span varying degrees of freedom.
A sub-space having a single, 1.e. one, degree of freedom can
be 1llustrated by a stick. A sub-space having two degrees of
freedom may be illustrated with a rotatable stick. Sub-spaces
having three to four degrees of freedom are, for instance,
robot arms 1n school examples. Sub-spaces having five
degrees of freedom are unusual. A sub-space having six
degrees of freedom may, for 1nstance, 1s 1llustrated with an
all-purpose robotic arm having three translational and three
rotational degrees of freedom. Even higher degrees of free-
dom may be useful to avoid self-collision, but tend to be
challenging to calculate.

For the extrapolation, linear methods are typically
applied. Other extrapolation methods, such as non-linear
methods, may however alternatively be applied.

One or more trajectories covering the entire path of the
trajectory from the first position to the second position, 1.¢.
from start to goal, are here achieved.

Action S260: The first Web server 204 sends these fitting
trajectories covering the entire path of the trajectory from
the first position to the second position, 1.e. from start to
goal, to the first trajectory storage 206.

Action S262: The first trajectory storage 206 stores the
received trajectories which well {it the requested trajectories.

Action S264: The Web server 204 finally executes a
trajectory for the robot device to control the robot device n
respect of the motion and/or movements of the robot device.




US 11,550,297 B2

11

The trajectory being executed may thus at least be based on
one or more trajectories as received in action S254.
It 1s noted that the first Web server 204 and the second

Web server may operate 1in different time scales. The func-
tions within the First Web server 204 allow direct control

within 1 ms, whereas calculation of new trajectory may take

several 100 ms. It 1s noted that retrieving a calculated
trajectory from the HTTP cache of the CDN 210 may take

the order of 10 ms.

Similar to the optimization function as described above 1n
connection with the second trajectory storage 212, the first
trajectory storage 206 may also be have connected to an
optimization function.

Optimization of trajectories 1n these functions may com-
prise shortening or smoothening of said trajectories. For this
purpose, advanced planming methods are proposed. These
methods are typically too resource intensive, for instance
demanding too much processing or calculation capacity, 1n
order to be comprised in the above described trajectory
request-response loop.

For this reason, the optimization may be imtiated within
the loop, but actually performed outside the loop, however
within the infrastructure used herein.

Each optimization function may optimize all trajectories
present 1n respective storage or only a subset of them. The
selection of which trajectories to optimize may be based on
cache hit rates and a measure of how optimal each trajectory
1s for a trajectory request.

Each optimization function may further mark each opti-
mized trajectory with a value that describes a degree of
optimality. This value may be checked prior to any further
optimization. In the case a trajectory would already have
associated a significantly high optimization value; further
optimization will not be conducted, at that point in time.

Each function may set a maximum age value for a
trajectory as a function of the optimality of said trajectory.
A higher optimality value would typically result 1n a higher
maximum age value. A lower optimality value would
accordingly result 1n a lower maximum age value.

Information may be deduced from the load of the items
within the present disclosure, based on cache and/or storage
hits, to be provided to analytics, allowing optimization of
trajectories based on said analytics.

The trajectory planning Web service and/or trajectory
optimization methods may set maximum age value of a
HTTP response depending on the optimality of the planned/
optimized trajectory. By setting a maximum age value, the
trajectories stored in the HT'TP cache 1n the CDN 210 and
in the second trajectory storage 212, can become increas-
ingly optimal as well as increasingly independent of calcu-
lation of further trajectories.

Trajectory optimization function may continuously opti-
mize the trajectories in a closed loop by using Key Perfor-
mance Indicators (KPIs), which characterize end-to-end
(E2E) precision, response time and the effectiveness of the
Web service.

For optimization, the following key performance indica-
tors may henceforth be used:

E2E KPIs

Precision: Distance between the start/goal position of a
requested trajectory and respective position of a
calculated trajectory.

Response time to achieve the requested position with a
trajectory.

KPIs characterizing the associated Web service efliciency

of these actions.
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Existing trajectory request response time: Tim between
requesting and receiving a trajectory from a storage,
such as a cache.

New trajectory request response time: time between
requesting and receiving a new trajectory from the
second Web server 214.

Cache (storage) hit rate: The percent of requests, the
responses of which are available 1n the cache (stor-
age).

FIG. 3 presents a flow diagram of actions within a method
in a first and a second Web server controlling a robot device
across a Web nterface 1n a cloud. The method comprises the

tollowing actions:

Action 302: Sending by the first Web server, towards the
second Web server located 1in a remote cloud location, a
HTTP request for one or more trajectories between a first
position and a second position, for the robot device. The
HTTP request comprises encoded 1n URL a workspace of
the robot device and a configuration of the robot device.

Action 304: Obtaining one or more calculated trajectories
for the robot device between the first position and a positon
that 1s closer to the second position than the first position,
based on the workspace and the configuration of the robot
device:

Action 306: Sending, to the first Web server located 1n a
local cloud location, a HTTP response to the HT'TP request,
wherein the HTTP response comprises said one or more
calculated trajectories.

Action 308: Executing, by the first Web server, a trajec-
tory being at least based on said one or more calculated
trajectories for the robot device.

The one or more trajectories are thus trajectories of the
robot device, and said one or more trajectories are trajecto-
ries from the first position to the second position.

There are a few ways 1n which calculated trajectories can
be obtained.

According to some first embodiments of this disclosure,
obtaining 304 comprises receiving said one or more calcu-
lated trajectories by the second Web server, as a response to
a call for calculation of said one or more trajectories between
the first position and the second position, based on the
workspace and the configuration of the robot device. Fol-
lowing these first embodiments, the method may further
comprise storing S250, S254 said one or more calculated
trajectories 1n a storage at the remote cloud location. More-
over, within these first embodiments of the present disclo-
sure, sending S124, 302 the HT'TP response may comprise
sending the HT'TP response via a HI'TP cache located 1n a
content delivery network, CDN, and wheremn the method
turther comprises storing said one or more calculated tra-
jectories 1 the HTTP cache.

According to some second embodiments of this disclo-
sure, obtaining 304 said one or more calculated trajectories,
comprises retrieving one or more earlier calculated trajec-
tories from a storage, where said one or more earlier
calculated trajectories was calculated based on the work-
space and the configuration of the robot device. Within said
second embodiments, retrieving said one or more calculated
trajectories may comprise retrieving said one or more cal-
culated trajectories from a storage located at the remote
cloud location. Further, within these second embodiments of
the present disclosure, sending S124 the HTTP response
may comprise sending the HI'TP response viaa HI'TP cache
located 1n a CDN, and wherein the method further comprises
storing said one or more calculated trajectories in the HTTP
cache.
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According to some third embodiments of this disclosure,
obtaining 304 said one or more calculated trajectories,
comprises retrieving one or more earlier calculated trajec-
tories from a storage, where said one or more earlier
calculated trajectories was calculated based on the work-
space and the configuration of the robot device.

Within these third embodiments of the present disclosure,
sending S120 the HTTP request comprises sending the
HTTP request via a HI'TP cache located in a CDN, and

wherein retrieving said one or more calculated trajectories
from a storage comprises retrieving said one or more cal-
culated trajectories from the HTTP cache located in the
CDN.

Within these third embodiments of the present disclosure,

sending S124 the HI'TP response may comprise sending the
HTTP response via the HT'TP cache located in the CDN, and
wherein the method further comprises storing said one or
more calculated trajectories 1n the HT'TP cache.

Within the method of the first, second or third embodi-
ments, the first and the second positions may also comprise
first and second quantized positions. Quantized positions
herein refer to rounded positions. By quantizing first and
second positions, positions close to the first and second
positions, respectively, will be rounded to said first and
second positions, respectively. By quantizing positions, stor-
age memory required for storing first and second positions
decreases, for which reason a reduced memory size can
suflice.

Within any of the first, second and third embodiments,
sending the HT'TP request for trajectories between the first
position and the second position, may comprise sending the
HTTP request for trajectories between positions within a
tolerance from said first and second positions.

The action of obtaining 304 said one or more trajectories
for the robot device may also comprise obtaining precision
information of said one or more calculated trajectories. This
precision information may be provided in response to a
requested tolerance or 1n response to a predefined tolerance.
This precision information can be regarded to be a measure
of how well the first position and the position that 1s closer
to the second position than the first position, of a calculated
trajectory, correspond the first position and the second
position, of the requested trajectories.

The action of obtaining 304 said one or more calculated
trajectories may be dependent on the obtained precision
information and that the age of the calculated trajectories 1s
smaller than a maximum age of said one or more calculated
trajectories.

Further, the method may also comprise concatenating, by
the first Web server, at least one of said one or more
calculated trajectories and a trajectory already stored at the
local cloud location. This may be performed to construct a
longer or more detailed trajectory for the robot device.

In addition, the method 1n the first and the second Web
server controlling the robot device may further comprise
calculating, by the first Web server, a trajectory segment for
covering one or more 1dentified trajectory gaps between
requested and calculated trajectories, by extrapolating, or
interpolating, one or more calculated or already stored
trajectories. Information of such gaps to be covered may be
obtained from the precision nformation that may be
regarded to be a measure of how well the first position and
the position that 1s closer to the second position than the first
position, of a calculated trajectory, corresponds the first
position and the second position, of the requested trajecto-
ries.
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FIG. 4 presents a flow diagram of actions within a method
in a first Web server controlling a robot device across a Web
interface 1n a cloud. The method comprises the following
actions:

Action 402: Sending, across the Web interface, towards a
second Web server located 1in a remote cloud location, a
HTTP request for one or more trajectories between a {first
position and a second position, for the robot device. The
HTTP request comprises encoded in URL a workspace of

the robot device and a configuration of the robot device.
Action 404: Receiving a HT'TP response to the HI'TP

request, wherein the HT'TP response comprises said one or
more calculated trajectories.
Action 406: Executing a trajectory that 1s at least based on
said one or more calculated trajectories for the robot device.
FIG. 5 presents a tlow diagram of actions within a method
in a second Web server controlling a robot device across a
Web 1nterface 1n a cloud. The method comprises the fol-

lowing actions:

Action 502: Receiving, from a first Web server, a HT'TP
request for one or more trajectories between a first position
and a second position, for the robot device. The HITTP
request comprises encoded in URL, a workspace of the robot
device and a configuration of the robot device.

Action 504: The method also comprises obtaining one or
more calculated trajectories for the robot device between the
first position and a positon that 1s closer to the second
position than the first position, based on the workspace and
the configuration of the robot device.

Action 506: The method also comprises sending across
the Web interface to said first Web server located at a local
cloud location, a HITP response being a response to the
HTTP request, wherein the HI'TP response comprises said
one or more calculated trajectories.

The present disclosure also comprises a {irst computer
program having instructions which, when executed on at
least one processor of a first Web server controlling a robot
device across a Web interface 1n a cloud, cause the at least
one processor to send, across the Web interface, towards a
second Web server located 1in a remote cloud location, a
HTTP request for one or more trajectories between a first
position and a second position, for the robot device. The
HTTP request comprises encoded in URL a workspace of
the robot device and a configuration of the robot device.

When the instructions are executed on the at least one
processor, said mstructions cause the at least one processor
to receive a HT'TP response to the HI'TP request, wherein
the HI'TP response comprises said one or more calculated
trajectories.

In addition, when the instructions are executed on the at
least one processor, said 1nstructions cause the at least one
processor to execute a trajectory that 1s at least based on said
one or more calculated trajectories for the robot device.

The present disclosure also comprises a second computer
program having instructions which, when executed on at
least one processor of a second Web server controlling a
robot device across a Web interface 1n a cloud, cause the at
least one processor to receive, from a first Web server, a
HTTP request for one or more trajectories between a {first
position and a second position, for the robot device. The
HTTP request comprises encoded in URL, a workspace of
the robot device and a configuration of the robot device.

Further, when the instructions are executed on the at least
one processor, said instructions cause the at least one pro-
cessor to obtain one or more calculated trajectories for the
robot device between the first position and a positon that 1s
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closer to the second position than the first position, based on
the workspace and the configuration of the robot device.

In addition, when executing the mstructions on the at least
one processor, said instructions cause the at least one pro-
cessor to send across the Web interface to said first Web
server located at a local cloud location, a HI'TP response
being a response to the HITP request, wherein the HT'TP
response comprises said one or more calculated trajectories.

The present disclosure also comprises a computer-read-
able storage medium having thereon the first and/or second
computer program as above.

FIG. 6 schematically presents a first Web server 60 that 1s
capable of controlling a robot device over a Web interface 1n
a cloud. The first Web server comprises a processor circuit
62 and a memory 64 that has instructions which are execut-
able by the processor circuit 62. When executing these
istructions, the processing circuit 1s configured to send a
HTTP request across the Web interface, towards a second
Web server 80, 90 that 1s located 1n a remote cloud location.
This HT'TP request 1s a request for one or more trajectories
between a first position and a second position, for the robot
device. The HT'TP request also comprises encoded in URL,
a workspace of the robot device and a configuration of the
robot device.

When executing these instructions, the processing circuit
1s configured to receive a HITP response to the HTTP
request, wherein the HT' TP response comprises said one or
more calculated trajectories.

In addition, when executing these instructions, the pro-
cessing circuit 1s configured to execute a trajectory that is at
least based on said one or more calculated trajectories for the
robot device.

The present disclosure also comprises a first Web server
70 as schematically illustrated in FIG. 7. The first Web
server 70 1s adapted to control a robot device over a Web
interface 1n a cloud. The first Web server 70 comprises a {irst
module 72, a second module 74 and a third module 76. The
first module 72 1s adapted to send a HI'TP request across the
Web interface, towards a second Web server 80, 90 that 1s
located 1n a remote cloud location. The HTTP request 1s a
request for one or more trajectories between a first position
and a second position, for the robot device. The HTTP
request also comprises encoded 1n URL, a workspace of the
robot device and a configuration of the robot device.

The second module 74 of the first Web server 70 1s
adapted to recetve a HITP response to the HI'TP request,
wherein the HTTP response comprises said one or more
calculated trajectories.

In addition, the third module 76 i1s adapted to execute a
trajectory that 1s at least based on said one or more calcu-
lated trajectories for the robot device.

The first Web server 60 and/or the first Web server 70 may
comprise a HI'TP server.

FIG. 8 schematically presents a second Web server 80 that
1s capable of controlling a robot device over a Web 1nterface
in a cloud. The second Web server 80 comprises a processor
circuit 82 and a memory 84 that has istructions which are
executable by the processor circuit 82. When executing
these 1nstructions, the processing circuit 1s configured to
receive, from a first Web server 60, 70, a HI'TP request for
one or more trajectories between a first position and a second
position, for the robot device. The HTTP request comprises
encoded 1 URL a workspace of the robot device and a
configuration of the robot device.

When executing these instructions, the processing circuit
82 1s configured to obtain one or more calculated trajectories
for the robot device between the first position and a positon
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that 1s closer to the second position than the first position,
based on the workspace and the configuration of the robot
device.

In addition, when executing these instructions, the pro-
cessing circuit 1s configured to send across the Web interface
towards said first Web server 60, 70 located 1n a local cloud
location, a HT'TP response being a response to the HI'TP
request. This HTTP response comprises said one or more
calculated trajectories.

Also, FIG. 9 1llustrates a second Web server. This second
Web server 90 comprises a first module 92, a second module
94 and a third module 96.

The first module 92 1s adapted to receive, from a first Web
server 60, 70, a HI'TP request for one or more trajectories
between a first position and a second position, for the robot
device. The HTTP request comprises encoded in URL a
workspace of the robot device and a configuration of the
robot device.

The second module 94 1s adapted to obtain one or more
calculated trajectories for the robot device between the first
position and a positon that 1s closer to the second position
than the first position, based on the workspace and the
configuration of the robot device.

In addition, the third module 96 1s adapted to send across
the Web interface towards said first Web server 60, 70
located 1n a local cloud location, a HT'TP response being a
response to the HITP request. This HI'TP response com-
prises said one or more calculated trajectories.

The second Web server 80 and/or the second Web server
90 may comprise a HI'TP server.

The term robot device as used through-out 1s to be
construed broadly. A robot device may comprise a robot, a
robot arm, or a robot grip.

Examples and/or embodiments of the present disclosure
carry one or more of the following advantages:

The proposed Web service architecture being currently
available can be used without any modification or alterna-
tion for the control of multiple robot devices. The usage of
storages, such as caches, 1s beneficial for the scaling of the
control of robots.

Embodiments are scalable as parallel calculation of tra-
jectories can be performed.

Storable trajectories reduce calculation need and calcula-
tion latency.

As calculation and execution of trajectories are operable
in different cloud systems and work 1n different time scales,
embodiments of the disclosure allow complex scalable con-
trol mechanism from large distances.

ABBREVIATTONS

5G 57 generation wireless systems
API application programming interface
CDN content delivery network

DNS domain name server

HTTP hyper-text transier protocol

IaaS infrastructure as a service

KPI key performance indicator

PaaS platform as a service

PLC programmable logic controller

R AaaS robotics and automation as a service
SaaS soltware as a service

URL uniform resource locator

VM virtual machine
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The 1nvention claimed 1s:

1. A method for a first Web server and a second Web
server controlling a robot device across a Web interface 1n a
cloud, the method comprising;

sending, by the first Web server and towards the second

Web server located in a remote cloud location, a
hypertext transier protocol (HT'TP) request for one or
more trajectories between a first position and a second
position for the robot device, wherein the HTTP request
comprises a workspace of the robot device and a
configuration of the robot device encoded 1n unified
resource location (URL);

obtaining one or more calculated trajectories for the robot

device between the first position and a position that 1s
closer to the second position than the first position,
based on the workspace and the configuration of the
robot device, wherein the obtaining the one or more
calculated trajectories for the robot device comprises:
obtaining precision information of the one or more
calculated trajectories, wherein the precision infor-
mation 1s provided in response to a requested or a
predefined tolerance, and wherein obtaining the one
or more calculated trajectories 1s dependent on the
obtained precision mformation and that the age of
the calculated trajectories 1s smaller than a maximum
age of the one or more calculated trajectories; and
receiving, by the second Web server, the one or more
calculated trajectories as a response to a call for
calculation of the one or more trajectories between
the first position and the second position, based on
the workspace and the configuration of the robot
device;
sending, to the first Web server located 1n a local cloud
location, a HTTP response to the HTTP request,
wherein the HI'TP response comprises the one or more
calculated trajectories, wherein the sending the HI'TP
response comprises sending the HI'TP response via a
HTTP cache located in a content delivery network
(CDN);

storing the one or more calculated trajectories n the
HTTP cache; and

executing, by the first Web server, a trajectory being at
least based on the one or more calculated trajectories
for the robot device.
2. The method of claim 1, wherein the obtaining the one
or more calculated trajectories comprises retrieving one or
more earlier calculated trajectories from a storage, where the
one or more earlier calculated trajectories were calculated
based on the workspace and the configuration of the robot
device.
3. The method of claim 2, wherein the retrieving the one
or more calculated trajectories comprises retrieving the one
or more calculated trajectories from a storage located at the
remote cloud location.
4. The method of claim 2:
wherein the sending the HT'TP request comprises sending
the HT'TP request via the HTTP cache located 1n the
CDN:; and

wherein the retrieving the one or more calculated trajec-
tories from a storage comprises retrieving the one or
more calculated trajectories from the HTTP cache
located 1n the CDN.

5. The method of claim 1 wherein the sending the HT'TP
response comprises sending the HTTP response via the
HTTP cache located 1in the CDN.

6. The method of claim 1, wherein the first and the second
positions comprise first and second quantized positions.
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7. The method of claim 1, wherein the sending the HTTP
request for trajectories between the first position and the
second position comprises sending the HT'TP request for
trajectories between positions within a tolerance from the
first and second positions.

8. The method of claim 1, further comprising concatenat-
ing, by the first Web server, the one or more calculated
trajectories and/or a trajectory already stored at the local
cloud location.

9. The method of claim 1, further comprising calculating,
by the first Web server, a trajectory segment for covering one
or more i1dentified trajectory gaps between requested and
calculated trajectories by extrapolating or interpolating one
or more calculated or already stored trajectories.

10. A method for a first Web server controlling a robot
device across a Web interface in a cloud, the method
comprising the first Web server:

sending, across the Web interface and towards a second

Web server located in a remote cloud location, a
hyper-text transier protocol (HTTP) request for one or
more calculated trajectories between a first position and
a second position for the robot device, wherein the
HTTP request comprises a workspace of the robot
device and a configuration of the robot device encoded
in unified resource location (URL);

receiving, from the second Web server, a HI'TP response

to the HTTP request, wherein the HTTP response

comprises the one or more calculated trajectories, and

wherein the one or more calculated trajectories are

obtained by the second Web server by:

obtaining precision information of the one or more
calculated trajectories, wherein the precision infor-
mation 1s provided 1n response to a requested or a
predefined tolerance, and wherein the one or more
calculated trajectories are obtained dependent on the
obtained precision information and that the age of
the calculated trajectories 1s smaller than a maximum
age of the one or more calculated trajectories; and

executing a trajectory that 1s at least based on the one or

more calculated trajectories for the robot device.

11. A method for a second Web server controlling a robot
device across a Web interface in a cloud, the method
comprising:

receiving, from a first Web server, a hyper-text transfer

protocol (HT'TP) request for one or more trajectories
between a first position and a second position for the
robot device, wherein the HI'TP request comprises a

workspace of the robot device and a configuration of
the robot device encoded 1n unified resource location
(URL);
obtaining one or more calculated trajectories for the robot
device between the first position and a position that 1s
closer to the second position than the first position,
based on the workspace and the configuration of the
robot device, wherein the obtaining the one or more
calculated trajectories for the robot device comprises:
obtaining precision information of the one or more
calculated trajectories, wherein the precision infor-
mation 1s provided 1n response to a requested or a
predefined tolerance, and wherein obtaining the one
or more calculated trajectories 1s dependent on the
obtained precision information and that the age of
the calculated trajectories 1s smaller than a maximum
age of the one or more calculated trajectories; and
receiving, by the second Web server, the one or more
calculated trajectories as a response to a call for
calculation of the one or more trajectories between
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the first position and the second position, based on
the workspace and the configuration of the robot
device;
sending, across the Web interface to the first Web server
located at a local cloud location, a HI'TP response
being a response to the HT'TP request, wherein the
HTTP response comprises the one or more calculated
trajectories, wherein the sending the HTTP response
comprises sending the HTTP response via a HI'TP
cache located 1n a content delivery network (CDN); and

storing the one or more calculated trajectories in the
HTTP cache.

12. A first Web server adapted to control a robot device
over a Web interface 1in a cloud, the first Web server
comprising:

processing circuitry;

memory containing instructions executable by the pro-

cessing circuitry whereby the first Web server 1s opera-

tive to:

send, across the Web interface and towards a second
Web server located 1n a remote cloud location, a
hyper-text transier protocol (HTTP) request for one
or more trajectories between a first position and a
second position for the robot device, wherein the
HTTP request comprises a workspace of the robot
device and a configuration of the robot device
encoded 1n unified resource location (URL);

receive, from the second Web server, a HI'TP response
to the HITP request, wherein the HT'TP response
comprises the one or more calculated trajectories,
and wherein the one or more calculated trajectories
are obtained by the second Web server by:
obtaining precision mformation of the one or more

calculated trajectories, wherein the precision

information 1s provided 1n response to a requested
or a predefined tolerance, and wherein the one or
more calculated trajectories are obtained depen-
dent on the obtained precision information and
that the age of the calculated trajectories 1s smaller
than a maximum age of the one or more calculated
trajectories; and
execute a trajectory that 1s at least based on the one or
more calculated trajectories for the robot device.
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13. A second Web server adapted to control a robot device
over a Web 1nterface 1n a cloud, the Web second server
comprising;

processing circuitry;

memory containing instructions executable by the pro-

cessing circuitry whereby the second Web server 1s
operative to:
receive, from a first Web server, a hyper-text transfer

protocol (HTTP) request for one or more trajectories
between a first position and a second position for the
robot device, wherein the HT'TP request comprises a
workspace of the robot device and a configuration of

the robot device encoded 1in unified resource location
(URL);

obtain one or more calculated trajectories for the robot

device between the first position and a position that
1s closer to the second position than the first position,
based on the workspace and the configuration of the
robot device, wherein to obtain the one or more
calculated trajectories for the robot device, the pro-
cessing circuitry 1s further configured to:
obtain precision information of the one or more
calculated trajectories, wherein the precision
information is provided 1n response to a requested
or a predefined tolerance, and wherein the one or
more calculated trajectories are obtained depen-
dent on the obtained precision information and
that the age of the calculated trajectories 1s smaller
than a maximum age of the one or more calculated
trajectories; and
receive the one or more calculated trajectories as a
response to a call for calculation of the one or
more trajectories between the first position and the
second position, based on the workspace and the
configuration of the robot device;

send, across the Web interface and towards the first

Web server located 1n a local cloud location, a HT TP
response being a response to the HTTP request,
wherein the HT'TP response comprises the one or
more calculated trajectories, wherein the HTTP
response 1s sent to the first Web server via a H1'TP
cache located 1n a content delivery network (CDN);
and

storing the one or more calculated trajectories in the

HTTP cache.
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